Long-wavelength absorbing and fluorescent chameleon labels for proteins, peptides, and amines.
Long-wavelength absorbing labels that change their color and fluorescence upon conjugation to proteins and other biomolecules provide two critical advantages over the wealth of conventional amine-reactive labels. At first, the progress of the labeling reaction can be monitored continuously either visually or by spectrometry without prior purification. Then, the labeled biomolecule can be investigated with red or near-infrared light, which minimizes background interference in biological samples. These unique characteristics are met by a group of long-wavelength absorbing cyanine dyes carrying a reactive chloro substituent for nucleophilic substitution with primary amines, which is accompanied by a color change from green to blue. In addition to this so-called chameleon effect, the dyes display an increase in fluorescence during the labeling reaction. Despite their structural similarity, the reactivity of the dyes differs strongly. The fastest labeling kinetics is observed with dye S 0378 as its five-membered ring affords a stabilizing effect on the intermediate carbocation during an S(N)1-type of nucleophilic substitution. The reaction mechanism of the amine-reactive cyanine dyes provides a blueprint for the design of future long-wavelength absorbing chameleon dyes.